1. Introduction
===============

Ischemic heart disease and stroke are the leading causes of death in rheumatoid arthritis (RA) patients.^\[[@R1],[@R2]\]^ In addition, atherosclerosis can be found in early stages of RA with faster progression rate compared with subjects without RA. Epidemiological studies have suggested that the elevated cardiovascular risk occurred only after RA symptom onset,^\[[@R3]\]^ suggesting that disease activity may be closely related to cardiovascular disease (CVD) in subjects with RA.

Early vascular aging in RA patients may be a consequence of chronic inflammation. The measurement of carotid-femoral pulse wave velocity (cfPWV) is the gold standard to evaluate arterial stiffness.^\[[@R4]\]^ Vascular aging is a result of changes in the biomechanical properties of the vascular wall. This process can be accelerated by the accumulated damage of high mechanical stress (high blood pressure), chronic inflammation, and comorbidities such as smoking, diabetes mellitus, and dyslipidemia.^\[[@R5]\]^

The increased vascular stiffness in RA patients compared with age-matched healthy controls has been well-established.^\[[@R6]--[@R8]\]^ However, although these studies underline the importance of vascular aging in RA patients, the effects in relation to RA symptom onset and disease duration have not previously been examined. Because of this knowledge gap, there is no consensus on the timing to establish preventive measures and treating early vascular aging in RA patients.

The aim of this study was to establish the impact of RA disease duration on arterial stiffness in patients without known traditional cardiovascular risk factors and prevalent CVD.

2. Methods
==========

We performed a cross-sectional study to establish the main determinants of cfPWV in RA patients. Only patients without traditional cardiovascular risk factors and/or prevalent CVD were included to allow assessment of the influence of RA on arterial stiffness without the confounding factor of prevalent CVD. This report is part of a larger project whose main objective is to assess predictors and evolution of CVD in RA patients.^\[[@R9],[@R10]\]^

2.1. Patients
-------------

We included patients classified as having RA per American College of Rheumatology (ACR) 1987 criteria^\[[@R11]\]^ attending the rheumatology outpatient clinic at OPD Hospital Civil "Juan I. Menchaca," Guadalajara, Jalisco, Mexico, from January to December 2015. The inclusion criteria were \>18-years old without known history of CVD, diabetes mellitus, high blood pressure, thyroid, renal, or hepatic disease. Exclusion criteria were current pregnancy and use of corticosteroids such as \>10 mg of prednisone or equivalent.

2.2. Clinical assessment
------------------------

Each patient was interviewed using a structured questionnaire to gather demographic and clinical variables, including disease duration and treatment. Clinical evaluation was performed by a rheumatologist and RA disease activity was calculated with the disease activity score on 28 joints (DAS28).^\[[@R12]\]^

2.3. Laboratory measurements
----------------------------

Venous blood samples were collected at the moment of clinical assessment. Serum was obtained by centrifugation of whole blood at 2000 rpm for 15 minutes, and aliquots were stored at −70 °C until used. Cumulative erythrocyte sedimentation rate (ESR) was measured using Wintrobe\'s method.^\[[@R13]\]^ C-reactive protein (CRP) and rheumatoid factor (RF) were measured by nephelometry. Total cholesterol (TC), triglycerides (Tg), high-density lipoprotein cholesterol (HDL-c), and low-density lipoprotein cholesterol (LDL-c) were measured by standard techniques. Anti-CCP antibody levels were determined by enzyme-linked immunosorbent assay (ELISA, Axis-Shield). Patients were considered as anti-CCP positive at antibody levels ≥5 U/mL.

2.4. Arterial stiffness measurement
-----------------------------------

Arterial stiffness was determined by cfPWV using tonometry. This is the recommended method to assess arterial stiffness,^\[[@R14]\]^ and was performed using the Pulse Pen device (DiaTecne s.r.l., Milan, Italy), a technique previously validated for its efficacy to measure cfPWV.^\[[@R15]\]^ The cfPWV was determined at 2 intervals, first positioning the tonometer at the common carotid artery while simultaneously performing an electrocardiogram (ECG), and then repeating the procedure at the femoral artery. The time delay from the rise of the proximal and distal pulse waves to the R-wave of the ECG qRs complex were recorded. The cfPWV was calculated as the distance between the two arterial segments evaluated divided by the time delay between the detected pulses in meters/second (m/s).

2.5. Ethics
-----------

All subjects gave their written consent before enrollment in the study. This protocol was approved by the Institutional Review Board committee with the register 1068/10 of Hospital Civil "Dr. Juan I. Menchaca" of the Universidad de Guadalajara. Research was conducted following Helsinki criteria according to its last update in 2013, Fortaleza, Brazil.

2.6. Statistical analysis
-------------------------

A minimum sample size of 42 was calculated (using the software G∗Power 3.1.9.2) to be needed for linear multiple regression expecting at least three predictors and a minimum effect on R^2^ of 0.25, considering α = 0.05, and 1-β = 95%. Data were analyzed with the statistical software SPSS v22 (IBM Inc., Chicago, IL), and GraphPad Prism v6.01 (GraphPad Software Inc, La Jolla, CA). Results are given as mean ± standard deviation (SD) or percentages, as appropriate. Normal distribution was tested with Kolmogorov-Smirnov\'s test. For comparisons, subjects were grouped according to age (\<40, 40--50, and \>50 years), and disease duration (\<2, 2 to \<10, and ≥10 years). The age stratification per decades was chosen to allow for age-dependent changes in cfPWV to be taken into account based on previous reference studies in this context.^\[[@R16]\]^ The disease duration stratification was arbitrary.

Patients with missing cfPWV values were excluded from the analysis. One-way analysis of variance (ANOVA) and Dunnet\'s *t* tests were used for multiple comparisons. Pearson\'s correlation coefficients were calculated between cfPWV and independent variables. Subsequently, we performed analysis of co-variance (ANCOVA) to assess their contribution to cfPWV. Variables with a *P* \< .2 in univariate analyses were considered for inclusion in ANCOVA. A 2-tailed *P* \> .05 was considered significant for both univariate and multivariate analysis.

3. Results
==========

We recruited a total of 115 RA patients, of which 9 were excluded because of missing cfPWV values. Consequently, 106 RA patients were included in the final analysis. The mean age of the final group was 46 ± 12 years and 101 were female (95.3%). Demographic, clinical characteristics, and arterial stiffness assessment are shown in Table [1](#T1){ref-type="table"}. The whole group\'s cfPWV mean was within normal ranges (mean \<10 m/s). However, patients with RA disease duration ≥10 years were significantly older and exhibited significantly increased cfPWV.
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Demographic, clinical characteristics, and arterial stiffness assessment of RA patients.
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3.1. RA disease duration correlated with cfPWV
----------------------------------------------

cfPWV exhibited significant positive correlation with age (r = 0.450, *P* \< .001) and disease duration (r = 0.340, *P* \< .001) (Fig. [1](#F1){ref-type="fig"}). In addition, significant correlations were observed with total cholesterol (r = 0.312, *P* = .002) and LDL-c (r = 0.268, *P* = .012).

![Correlation between (A) age and (B) RA disease duration with cfPWV. cfPWV = carotid to femoral pulse wave velocity, RA = rheumatoid arthritis.](medi-96-e7862-g002){#F1}

In the stratified analysis, cfPWV was significantly increased in patients \>50 years old (8.6 ± 1.7 m/s) compared with patients in the 40 to 50-year old (7.5 ± 0.9 m/s) and \<40-years old (7.1 ± 0.9 m/s) groups (Fig. [2](#F2){ref-type="fig"}A). Patients with \>10 years (8.4 ± 1.8 m/s) and 2 to 10 years (7.8 ± 1.3 m/s) disease duration exhibited significantly increased cfPWV compared with those having a recent diagnosis \<2 years (6.9 ± 0.8 m/s) (Fig. [2](#F2){ref-type="fig"}B).

![Comparison of cfPWV according to (A) age group and (B) RA disease duration and predicted mean cfPWV according to (C) age decade and (D) age group. Means were compared with ANOVA and Dunnet\'s *t* test. Predicted means were analyzed by ANCOVA. cfPWV = carotid to femoral pulse wave velocity, RA = rheumatoid arthritis.](medi-96-e7862-g003){#F2}

The impact of age and disease duration on cfPWV in RA patients are shown in Fig. [2](#F2){ref-type="fig"}C and D. RA patients with ≥10 years of disease duration exhibited signs of early vascular aging demonstrated by increase cfPWV. In other words, RA patients \<40 years old with disease duration ≥10 years had a similar arterial stiffness as subjects \>50 years old with disease duration \<2 years (Fig. [2](#F2){ref-type="fig"}C and D).

3.2. Predictive value of disease duration and age on cfPWV in RA patients
-------------------------------------------------------------------------

To further characterize the respective impact of age and disease duration on cfPWV, we analyzed these variables by ANCOVA (Table [2](#T2){ref-type="table"}). In Model 1, age and disease duration were predictors of 23.6% cfPWV variance. In Model 2, we included markers of inflammation and metabolic disease (body fat mass and lipids) in addition to RA disease duration and age. Among the serum lipid measures, only triglycerides were predictors of cfPWV. Nonetheless, according to the β-coefficients, each year of disease duration had greater impact on cfPWV than each year of life without RA. In Model 3, disease duration and age were included as qualitative variables to highlight their relevance in cfPWV.
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Multiple linear regression analysis for carotid to femoral pulse wave velocity (m/s).
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4. Discussion
=============

The current study points to disease duration as a predictor of vascular stiffness in RA patients. Arterial stiffness resulting from vascular remodeling and loss of arterial elasticity is now increasingly recognized as a surrogate marker of CVD.^\[[@R17],[@R18]\]^ Hence, our results support the notion of RA as a causal factor for CVD,^\[[@R9]\]^ and suggest that monitoring vascular stiffness may be an additional means to facilitate cardiovascular risk stratification of RA patients.

Previous studies have shown that RA is associated with increased arterial stiffness compared with age-matched healthy controls. Age, CRP, ESR, and disease activity are associated with increased cfPWV in RA patients.^\[[@R6]--[@R8]\]^ The current study extends those findings by revealing RA disease duration as a predictor of cfPWV. The cfPWV values of our RA patients were within the ranges previously reported as normal in European^\[[@R16]\]^ and Hispanic^\[[@R19]\]^ populations when considered the cohort as a whole, without taking disease duration into account. This, however, may not be unexpected as the included patients were not only free of prevalent CVD but were also normotensive. The elevated cfPWV observed in the examined patients showed longer time after RA diagnosis, suggesting that vascular stiffness may occur after a certain disease duration time.

Certainly, aging induces vascular remodeling in terms of changes in the collagen and elastin balance in the vascular wall, leading to arterial stiffening. This process is mainly modulated by the accumulated damage from mechanical stress (eg, high blood pressure), chronic inflammation and traditional CVD risk factors.^\[[@R5]\]^ However, taking age and lipid levels into consideration in our cohort of RA patients without cardiovascular comorbidities did not obscure the association with RA disease duration, further reinforcing the importance of our findings.

Subclinical atherosclerosis can indeed be detected in RA patients without comorbidities and in early disease.^\[[@R9]\]^ Several lines of evidence suggest that the inflammatory activity in RA may directly contribute to accelerated atherosclerosis mediated by vascular activation and endothelial dysfunction.^\[[@R20],[@R21]\]^ In addition, several studies have shown premature vascular aging in RA patients with comorbidities, suggesting that evaluation of arterial stiffness is a useful measure of accumulated vascular damage. In the general population and in subjects with chronic diseases like hypertension, chronic kidney disease, and diabetes mellitus, cfPWV has shown predictive value for CVD events.^\[[@R17],[@R18]\]^

Possible limitations of our study include the female predominance in the cohort, low number of cases with early RA, and lack of control group of age- and sex-matched individuals.

In summary, the current study highlights the contribution of disease duration to arterial stiffness in RA patients without traditional CVD risk factors. Our main finding indicates that each year of life with RA contributes to a higher rate of vascular aging or stiffening than age. The cumulative damage provided by RA was more pronounced in patients with disease duration ≥10 years, as indicated by the higher cfPWV in this group compared with those having a shorter time since diagnosis. This means that vascular remodeling might occur in silence in early RA when the disease may still be in subclinical stage. In conclusion, the current study suggests that deleterious vascular remodeling may accumulate after RA onset, likely contributing to increase CVD in these patients.
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